-tetrachloroethane, trichloroethylene, and tetrachloroethylene were administered to rats and mice as vapours at 200 p.p.m. for 8 hours and urine was collected for 48 hours. The urine was analysed by the Fujiwara reaction for total trichlorocompounds (TTC), trichloroacetic acid (TCA), and trichloroethanol (TCE). All compounds except 1,1,2-trichloroethane yielded substantial TCA and TCE but 1,1,1,2-tetrachloroethane and trichloroethylene much more than the rest. The results obtained during two periods of 48 hours after intraperitoneal injection were similar. The variations in the amounts of metabolites are shown to be consistent with the vapour pressures of the solvents (compounds with high vapour pressures are lost from the lungs before being metabolized) and with their known chemical properties, according to which 1,1,1-trichlorocompounds should yield TCE and TCA readily, whereas 1,1,2-chlorocompounds should not.
In recent years increasing attention has been paid to the evaluation of urinary metabolites as a measure of exposure to organic solvents. The Fujiwara reaction enjoys a wide reputation as a method of analysis of urine for trichloroethylene metabolites (Browning, 1965a) , but investigation of possible applications to the analysis of the metabolites of other chlorinated solvents is rather limited.
In the present study urine of humans and rodents exposed to several chlorinated hydrocarbons was analysed with a modification (Tanaka and Ikeda, 99 1968) of the Fujiwara reaction and the results are discussed in relation to the metabolism and alveolar excretion of the solvents.
Materials and methods Animals
Wistar rats (about 70 g) of both sexes and female DD mice (about 25 g) were used. Preliminary experiments revealed no differences in metabolism between the two sexes under the conditions studied. They were fed on commercial laboratory chow and water ad libitum. 
Analysis of urine
The urine from each group of animals (5 to 6 rats or 10 mice per group) was collected separately from faeces and pooled. Metabolites were determined colorimetrically by the Fujiwara reaction under the conditions described previously (Tanaka and Ikeda, 1968) . The optical extinction obtained after oxidation of the urine sample was attributed to total trichlorocompounds (TTC), that without oxidation to trichloroacetic acid (TCA), and the difference between the two to trichloroethanol (TCE). The spectral patterns of the urinary metabolites after the Fujiwara reaction were the same for all the solvents studied.
Vapour concentrations The concentrations of trich!oroethylene in an exposure chamber were determined with Kitagawa detection tubes (Kitagawa, 1960) . For other solvents, equimolar amounts were introduced into the chamber.
Results

Urinary metabolites
After exposure Groups of rats were exposed to the vapour of the solvents listed in Table 1 Browning, 1965a metabolites, although in much smaller amounts, were found in urine after exposure to tetrachloroethylene. The same was true for human subjects (Table 3 ) and mice (Table 2) exposed to tetrachloroethylene. It is noteworthy that 1,1,1,2-tetrachloroethane gave rise to large amounts of TCA and TCE whereas its isomer, 1,1,2,2-tetrachloroethane, yielded less than one-twentieth of these amounts. Both isomers of trichloroethane produced very small amounts of metabolites in urine, but 1,1,2-trichloroethane yielded less than its 1,1,1-isomer.
After intraperitoneal injection To eliminate effects of possible differences in the efficiency of pulmonary uptake among the vapours of the solvents tested, equimolar amounts of the solvents (2-78 mmol/kg body weight) were injected intraperitoneally into the animals and their urine was collected for the following two 48-hour periods. Results from urine analyses ( (Friedman and Cooper, 1960) and TCA (Cooper and Friedman, 1958) , gave rise to TCE and TCA. The TCE/TCA ratio was quite close to that observed after the trichloroethylene injection. Discussion Organic solvents taken into the body may be eliminated mainly by excretion into the alveolae and Stewart (1968) , Stewart et al. (1969; 1970a, b) , and Hake, Waggoner, Robertson, and Rowe (1960) suggest that the proneness of solvents to be excreted into alveolar breath is closely related to such physical properties of the solvents as vapour pressure and boiling point (Table 1) . 1,1,1-Trichloroethane, with the highest vapour pressure and the lowest boiling point among the solvents studied, was excreted almost completely in the expired air when its 14C-labelled preparation was administered intraperitoneally to rats (Hake et al., 1960) . The low metabolite levels in urine (Tables 2  and 4 ) are in accordance with this observation. Trichloroethylene, with a shorter alveolar excretion half-life than tetrachloroethylene (Stewart et al., 1970a, b) , has a higher vapour pressure and a lower boiling point than its tetrachlorinated homologue (Table 1) . Another factor which determines the rate of elimination is the tendency of the compound to undergo biotransformation. The high stability of 1,1,1-trichloroethane (Irish, 1963) , coupled with rapid elimination through the lungs, as stated above, may account for the low levels of metabolites of this compound in urine (Tables 2 and 4 ). The relative levels of TCE and TCA, with TCE considerably the higher, may indicate that the TCA in this case is derived from TCE, which is itself the primary product from the oxidation of 1,1,1-trichloroethane.
Although the metabolic pathways of the isomer 1,1,2-trichloroethane are still unknown (Browning, 1965b) , the structure of this compound apparently requires a shift of one chlorine atom from one carbon to the other to form TCA or TCE. Consequently, when this solvent is administered to rats, the levels of TCA and TCE in urine are very low as the occurrence of such a reaction is unlikely. One should also consider the possibility that these estimates by the Fujiwara reaction represent metabolites other than TCA and TCE, as those halogen compounds which have at least two halogen atoms bound to one carbon atom are reactive to the test (Feigl, 1960) . The very high yields of TCA and TCE (Tables 2 and 4) from 1,1,1,2-tetrachloroethane can be explained by hydrolytic dehalogenation with the formation of an oxidized hydrocarbon (Williams, 1959) . The first step may be the formation of TCE, which then is further oxidized to TCA. As the vapour pressure of 1,1,1,2-tetrachloroethane is lower than that of trichloroethylene or tetrachloroethylene and its boiling point is higher than that of the two chlorinated ethylenes, the rate of elimination of this solvent through the lungs is likely to be very low.
Rates of conversion of its 1,1 ,2,2-tetrachloro isomer to TCA and TCE are much slower, in agreement with the observation that the yields of urinary metabolites from 1,1,2-trichloroethane are lower than those from its 1,1,1-isomer. It should be noted that the toxicities of 1,1,1-trichloroethane and 1,1,1,2-tetrachloroethane are lower than those of 1,1,2-trichloroethane and 1,1,2,2-tetrachloroethane (Table 5) . Accordingly, from the rate of decrease in urinary metabolite concentration, the former two compounds have faster rates of elimination than the latter two (Table 4) . (1966) Metabolism of the chlorinated ethylenes is entirely different from that of ethane derivatives in that the first oxidation occurs at the double bond between two carbon atoms with the formation of an epoxide (Byington and Leibman, 1965; Yllner, 1961) , which further rearranges to aldehyde or acid chloride: Sjoberg (1952) (Frankel, Johnson, and Pitt, 1957) . These chemical properties may explain why the quantities of urinary metabolites were greater from trichloroethylene than from tetrachloroethylene (Tables 2 and 4). As to tetrachloroethylene metabolism, Yllner (1961) did not detect TCE in the urine of mice exposed to 14C-tetrachloroethylene, while we observed that the optical density after the Fujiwara reaction increased when the urine of rats, mice or human subjects exposed to tetrachloroethylene vapour was treated with the oxidant prior to the colour-developing reaction (Tables 2 and 3 ). The reason has not yet been extensively studied. The discrepancy could, however, be attributed to differences in the duration and intensity of exposure, because after intraperitoneal injection very little TCE appear,d in the urine (Table 4) . 
